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Leslie Orgel is a Professor and
Senior Fellow at the Salk Institute
in La Jolla, California, and an
Adjunct Professor at the
University of California at San
Diego. The first part of his career
was devoted to the theoretical
inorganic chemistry of transition
metal ions. This led to the
publication of a book on Ligand-
Field Theory. Since 1964, he has
concentrated on aqueous
solution chemistry that might be
relevant to the origin of life. He
has authored or co-authored two
books on the origin of life.
What turned you on to biology
in the first place? In the 1940s,
undergraduate studies for a
degree in chemistry at Oxford
University were narrowly
focussed on the inorganic,
organic and physical branches of
the subject. No concessions
were made to a general
education. Similarly the
requirements for a D.Phil degree
included nothing except the
presentation of a thesis
describing original research.
Consequently, when I first met
Sydney Brenner in the very early
1950s I knew nothing about
biology and, as far as I can
remember, had little interest in
the subject. If it had not been for
endless animated discussions
with Sydney and Jack Dunitz
about what would become
Molecular Biology I would
probably still be an inorganic
chemist (retired).
In 1954–1955 I spent a year at
Caltech, supposedly working
with Linus Pauling. By then Linus
was preoccupied with the
structural chemistry of
biomolecules and had little
interest in inorganic chemistry. I
think I had only a single session
with him during the year, so I was
on my own. I gravitated to the
biology department, which was
an exciting place. I found the
outwardly austere Max Delbrück
surprisingly accessible
professionally and great fun to
be with on more social
occasions. The experimental
biology course given by George
Beadle was remarkable. The
experiments were fascinating
and with enough supervision
even I could usually make them
work! Having Jim Watson and
Alex Rich to talk to for several
hours on most days also helped.
By the time I left Caltech I was
hooked on molecular biology, but
I didn’t abandon inorganic
chemistry until 1964. 
Do you have a favourite
paper? No. There were few
secrets in molecular biology in
the early days. The most
important results were discussed
extensively early on, so the
impact of any particular paper
was blunted. I suppose the
famous Watson–Crick and
Meselson–Stahl papers would
have been among my favourites
had I not been familiar with their
contents before they appeared.
Francis Crick’s piece for the RNA
Tie Club on the adaptor
hypothesis would also have
ranked highly.
What is the best advice you've
been given? The best advice I
received came from my tutor
(mentor) and late very good
friend Leslie Sutton. He told me
to become a theoretician, not to
do unsupervised experiments.
His advice was good and I have
followed it for more than 50
years. Perhaps I should explain.
Like the majority of budding
chemists, I spent a great deal of
my time in my mid-teens making
and detonating explosives. By
the time I got to Oxford I had lost
all interest in further
experimental work and rarely
attended the laboratory courses.
As far as I can remember, you
had to sign in, but then you could
go about your other business.
The crisis came in my fourth
undergraduate year that was to
be devoted to a simple research
project. Mine was the kinetics of
the gas-phase trimerization of
acetaldehyde imine. The
apparatus that I built was fragile
and eccentric in shape. When I
poured mercury into the
manometer, it acquired the
properties of a superfluid and
much of it finished up in a tray
that surrounded my apparatus.
One day, the tray proved to be
inadequate and the mercury
spread all over the multi-person
laboratory. My desperate efforts
to collect the larger globules
broke them into ever smaller
droplets and dispersed them into
the corners of the lab and into
narrow cracks in the floor. After
that I was advised to become a
theoretician.
If you knew what you know
earlier on, would you still
pursue the same research
path? I think so. It would have
been difficult to support a career
devoted to studying the origin of
life, which has been my major
research interest for many years,
unless I had already been
successful in a more
conventional field.
What has been your biggest
mistake in research? In the late
1960s I recognised that RNA
replication and RNA catalysis
were likely to have preceded
protein synthesis. I started an
experimental program to study
the relevant organic chemistry,
but it never occurred to me that
remnants of what is now known
as the RNA World might survive
in contemporary living
organisms. If I had recognised
that possibility I might have
persuaded a colleague who
worked with biological material
to look for ribozymes with me. I
am somewhat comforted by the
knowledge that neither Carl
Woese nor Francis Crick, both of
whom published much the same
ideas about RNA replication and
catalysis, did any better.
What is your favourite/least
favourite conference? I don't
have a favourite conference
series, and I can only guess what
my least favourite would be. The
most exciting single conference
that I ever attended took place in
Soviet Armenia in 1971. It was
entitled “Communication with
Extraterrestrial Intelligence”.
What made it memorable was
the mix of bright and lively
participants who covered
everything from anthropology to
theoretical physics. At the
banquet our host, the
astronomer Viktor
Ambartsumian, called on each
guest to propose a toast, after
which we were expected to
down a glass of vodka. I vaguely
remember a wonderful toast in
Bushman click language by the
anthropologist Richard Lee and
my own toast to all extra-
terrestrial Armenians where-ever
they may be. I also remember
Francis Crick, seeking relief from
vodka, pouring a tumbler of what
looked like water from a large
jug, only to find it was more
vodka. The young Russian
student who came to help him
told him not to worry, “the last
Englishman to come to a party
here had to be carried home”. 
Do you have a scientific hero
— if so, who and why? Charles
Darwin, for all the obvious
reasons.
What is your greatest
ambition? I would like to
understand in chemical detail
how RNA or some simpler
polymer capable of evolution
through natural selection
established itself on the primitive
Earth.
What do you think are the big
questions to be answered next
in your field? I wish I knew.
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Quick guide
Genes and
homology
Caleb Webber and Chris P.
Ponting
What is the origin of the term
‘homology’? Richard Owen
(1804–1892) defined homology as
“the same organ under every
variety of form and function”.
Owen conceived of homologous
structures as those that, while
differing in detail, were derived
from the same body plan, or
‘archetype’. By contrast,
analogous structures were those
that performed similar functions
but did not appear to be derived
from the same archetype. After
Darwin, homologous morphologies
were reinterpreted as having
derived by divergence from a
common ancestral structure.
Meanwhile, analogous
morphologies were thought to
have arisen by convergence, such
as the independent invention of
wings during bird and bat
evolution. So now, homology
describes descent from a common
evolutionary origin: two genes are
homologous if they derive from the
same ancestral gene.
Differentiating between homology
and analogy is not mere pedantry:
homology allows Darwinian
evolutionary theory to be applied
accurately across the biosciences.
And, as Theodosius Dobzhansky
(1900–1975) famously remarked,
“Nothing in biology makes sense
except in the light of evolution”.
Is sequence similarity the same
as homology? Definitely not.
Sequence similarity is a quantity
that is agnostic of evolution. In
contrast, homology is a property
that describes evolutionary history.
Just as with bird wings and bat
wings, perceived similarities
between sequences need not be
due to a common evolutionary
origin. Research papers
sometimes wrongly quote values
of ‘percent homology’. In these
cases ‘percent identity’ is meant,
as two genes either have a
common ancestor or they do not.
The only appropriate use of
‘percent homology’ is when
separate portions of a gene have
distinct evolutionary histories, for
example as a result of a gene
fusion event.
How can one be sure beyond
reasonable doubt that two
similar sequences are
homologous? Using statistics you
can estimate how likely it is that
randomly composed sequences
yield alignment scores that are at
least as high as that obtained
between the real sequences in
question. For example, the BLAST
program reports an Expect (or E)
value for each alignment (with
score x), which is the number of
times sequences are expected,
with scores ‡x, to crop up in a
search just by chance. As E gets
closer to zero, the more confident
one should be in a prediction of
homology. Many users cautiously
consider only those alignments
with E-values lower than 10-3 as
substantiating evidence for
homology.
Is any other evidence relevant?
Structural similarities are important
too. But once again we are faced
with ‘similarities’: we cannot be
sure that just because two proteins
fold up in the same way it means
they arose from a common
ancestor. Nevertheless, spatial
coincidence of active or binding
sites, or unusual structure, can
boost the odds of a homology
prediction being correct.
What about convergent
evolution? As far as we can tell,
the convergence of gene
sequences is extremely rare. It is,
by far, ‘easier’ for Nature to
duplicate a gene than invent
similar genes on two separate
occasions. By contrast,
independent invention of protein
structure is often suggested to
have occurred, yet for most of
these cases the evolutionary
provenance is unclear.
What are ‘orthology’, ‘paralogy’
and ‘xenology’? These are
relationships between genes best
visualized in a phylogenetic tree.
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